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Introduction

• LHC: a new era of particle physics
– Largest center-of-mass increase in ~40 years
– First detailed survey of TeV scale (where we have reasons to expect new physics)

• Can revolutionize PDG and RPP! → need to be prepared 
• What should we prepare for?

– Limits
– First signals
– Discoveries

• Disclaimers:
– Form of new physics is unknown → some amount of speculation in this talk
– Reminder: PDG doesn’t decide when something has been discovered, the 

HEP community does 
‣Close relationship with community will be crucial (e.g. experiments 

working groups)
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Limits

• In principle, there could be no change in the work 
qualitatively, just quantitatively!
– Number of searches expected to increase in the coming few 

years
– Need to make sure we stay up-to date with developments in new 

theoretical models

• However, this could be an opportunity to make our 
handling of new physics searches as useful as possible (in 
particular to theorists)
– Suggestion we received: keep a database of papers containing 

limits based on signatures (e.g. multijets+missing energy, 
dilepton resonance, etc)
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First Signals

• Hopefully, an excess over SM background will eventually 
show up!!

• Is it Higgs or something else? (e.g. diphoton resonance) 
→ hopefully can be resolved “quickly”
– E.g. consistency in mass and branching ratio in >1 channels 

(maybe Tevatron+LHC), consistency with EWK precision fits

• Otherwise, it will take sometime before we can identify 
the nature of the signal with confidence

• Proposal: will have new review(s) that discuss LHC 
first signals (and maybe their possible theoretical 
interpretations)
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Figure 12: Left: expected (histogram) and “observed” (filled circles) Drell-Yan spectrum from full sim-
ulation. The observed distribution includes a graviton with mass of 1 TeV and coupling k/M̄pl = 0.02.
Note that for the purposes of this plot the vertical axis has been rescaled: the error bars correspond to an
integrated luminosity of 100 fb−1. Right: Log likelihood ratio curves for one million pseudo-experiments
generated with background only (filled circles), and signal plus background (empty circles) for the same
m = 1 TeV signal point.

the Standard Model using the function described in Section 5.1. The second fit assumes the data are
described by the sum of a Gaussian and the shape describing the Drell-Yan background. During this
second fit the mean of the Gaussian is allowed to float throughout the entire mass region considered, and
the width is fixed to the detector resolution.
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Figure 13: 5σ discovery potential (full squares) as a function of the graviton mass. The 3σ evidence
potential is also shown (full circles). Left: shown with cross-sections as calculated by PYTHIA (LO) and
multiplied by a K factor of 1.6 for several values of the coupling; right: dependence of the discovery
potential on the coupling.

We can then compare the likelihood of the signal and background hypotheses. The distribution of
the logarithm of the likelihood ratio between H0 and H1 is constructed, and shown for one signal point
in Fig. 12. Based on this, we calculate the average expected discovery potential from the fraction of
the likelihood ratio distribution for background-only pseudo-experiments that extends beyond the mean
of the distribution for signal plus background experiments. Figure 13 shows the 5σ discovery and 3σ
evidence reach in cross-section and k/M̄pl coupling constant as a function of graviton mass, estimated

EXOTICS – DILEPTON RESONANCES AT HIGH MASS

1719

Example Scenarios

• Scenario 1: Large dilepton invariant 
mass peak around 1 TeV (>> 5 σ)

• What should we call it? Is it a sneutrino 
(S=0), a Z’ (S=1) or a KK graviton excitation 
(S=2)?
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Simulation :-)

• Scenario 2: Large excess of leptons, 
missing ET and jets

• “Beyond the SM look-alikes”: SUSY, universal 
extra-dimensions, little Higgs, etc

• Rich phenomenology and set of signatures: could 
take many years to figure out the correct model

– In some cases: maybe new lepton colliders
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Discovery: Scenario 2
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• What should PDG do?
– Possibility 1: keep discussion in LHC anomaly review until the matter is 

resolved
– Scenario 1: find other signatures, like other SUSY-like particles, which 

leads to a consensus within the community
– Scenario 2: could take several editions!

– Possibility 2: include the encoding in the listing generally favored by the 
community until we have more information
– For example Z’ for scenario 1 and SUSY for scenario 2

– Possibility 3: include encoding in all relevant listings and remove when 
models are excluded
– Ex.: heavy gauge bosons + SUSY + extra-dimensions for scenario 1

– Possibility 4: create listings with neutral names of newly found particles until 
the matter is resolved
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Conclusions

• LHC: a new era for particle physics AND PDG!
• What to prepare for:

– Many limits
– Hopefully discoveries!

• LHC anomalies review(s) that will contain initial signals and possible 
theoretical interpretations

• Handling of listings will depend on community consensus

• Intercommunication with HEP community will 
be crucial!
– Need to collaborate early on with experiment working groups, like 

newly formed LHC Higgs Combination Group (e.g. fit using PDG 
rules like using only published data)
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